Introduction: Anti-tuberculosis drug resistance is a major problem in tuberculosis (TB) control programme, particularly multi-drug resistance TB (MDR-TB) in Nepal. Drug resistance is difficult to treat due to its associated cost and side effects. The objective of this study was to assess the drug resistance pattern and assess risk factor associated with MDR-TB among pulmonary tuberculosis patients attending National Tuberculosis Center. Methodology: The comparative cross sectional study was conducted at National Tuberculosis Center during August 2015 to February 2015. Early morning sputum samples were collected from pulmonary tuberculosis suspected patients and subjected to Ziehl-Neelsen staining and fluorochrome staining and culture on Lowenstein-Jensen (LJ) medium. Drug Susceptibility test was performed on culture positive isolates by using proportion method. Univariate and multivariate analysis was computed to assess the risk factors of MDR-TB. Results: Out of 223 sputum samples, 105 were fluorochrome staining positive, 85 were ZN staining positive and 102 were culture positive. Out of 102 culture positive isolates, 37.2% were resistance to any four anti-TB drugs. 11 (28.9%) were initial drug resistance and 28 (43.7%) were acquired drug resistance. The overall prevalence of MDR-TB was 11.7%, of which 2 (5.3%) were initial MDR-TB and 10 (15.6%) were acquired MDR-TB. Univariate and multivariate analysis showed female were significantly associated (P = 0.05) with MDR-TB. Conclusion: Drug resistance TB particularly MDR-TB is high. The most common resistance pattern observed in this study was resistance to both isoniazid and rifampicin. Female were found to be associated with MDR-TB. Thus, early diagnosis of TB and provision of culture and DST are crucial in order to combat the threat of DR-TB.
Introduction
Tuberculosis (TB) is an important public health problem responsible for deaths worldwide [1] . It is the second leading cause of death due to single infectious agent first being HIV/AIDS [2] . TB ranks as sixth leading cause of death among other 20 causes of death in Nepal [3] . Every year over 80,000 people developed TB in Nepal [3] . Nearly 20,000 cases are infectious sputum positive TB and about 45,000 are all forms of new TB [3] . Although treatment by Directly Observed Short course (DOTS) has reduced the number of deaths, 5000 -7000 people are still dying per year by TB [4] .
The emergence of Multi-drug resistance TB (MDR-TB) and extensively drug resistance TB (XDR-TB) pose challenge in TB control programme [5] . The frequency of MDR-TB is 2.2% among new cases and 15.4% among retreatment cases in Nepal and 8% of MDR-TB had XDR-TB [3] . MDR-TB occurs when organisms show resistance to both rifampicin (RIF) and isoniazid with or without resistance to other anti-TB drugs [6] . Most of MDR-TB cases are due to poor adherence with TB medications, irregular use of drugs, interrupted drug supplies, physician error and accessibility of drug without prescription [7] .
MDR-TB is associated with higher rates of failure and major cause of mortality in HIV co-infected patients [8] . XDR-TB defined as TB with resistance to rifampicin, isoniazid, quinolones and at least one of the three injectable second line drugs (kanamycin, capreomycin or amikacin) is increasing [9] . Drug resistance TB is difficult to treat as second line, and anti TB treatment is more toxic, less effective and costly and than first line anti-TB [8] [10] .
Although TB is curable, TB burden in Nepal is high due to ignorance and less accessibility of medical care. MDR-TB cases are also increasing which further increase the risk of XDR-TB. MDR-TB is difficult to treat than first-line drugs.
Hence, timely diagnosis of TB is important to control DRTB and reduce MDR-TB burden in Nepal. The objective of this study is to determine drug resistance in pulmonary tuberculosis patients and the risk factor associated with MDR-TB.
Methodology

Study Design and Site
The comparative cross sectional study was conducted at National Tuberculosis Center, Thimi, Bhaktapur during February 2015 to August 2015. Two hundred twenty three new or previously treated patients suspected of PTB of any age and gender visiting National Tuberculosis Center were enrolled in the study. Informed consent was taken from each patient.
Inclusion Criteria
All consenting new and previously treated patients suspected of PTB of any age and gender visiting National Tuberculosis Center were included in the study.
Exclusion Criteria
All EPTB cases and the patients who were not able to produce 3 -4 ml of sputum sample were excluded from the study.
Two hundred twenty three early morning sputum samples were collected from patients attending OPD of National Tuberculosis Center after taking informed consent. All the samples were collected in sterile, leaf proof, wide mouth 50 ml falcon tube [11] . The initial screening of AFB was done using fluorochrome staining method and ziehl-Neelsen staining (ZN) and examined with a fluorescent microscope using 200 × magnifications in accordance with ECDC [12] . Digestion and decontamination of sputum sample was done using Modified Petroff's method [12] . Then two to four drops of the centrifuged sediment was inoculated to each of two slopes of LJ medium. The caps of the inoculated medium tubes were loosened and placed in slanted position for 7 days at 37˚C.
Thereafter, the caps of the tubes were tightened securely and further incubated in upright position at 37˚C for 8 weeks. M. tuberculosis was identified by observing their growth rate and colony morphology (rough, tough, buff). The colonies on the LJ media were further confirmed by conventional biochemical tests such as susceptibility to PNB, nitrate reductase test and catalase test at 68˚C. 
Statistical Analysis
Results
A total of 223 patients were enrolled in the study. Table 2 ).
Out of (38/102) new cases, 27 (71.1%) of strains were sensitive to all four drugs whereas 10 (27.1%) of strains were resistant to any of the four drugs. Similarly out of (64/102) previously treated cases, 36 (56.2%) were sensitive to all four drugs and remaining 28 (43.1%) were resistant to any four drugs (Table 3) .
In this study, it was observed that mono drug resistance was highest 18 (17.6%) followed by double drug resistance 14 (13.7%) and triple drug resistance 4 (3.9%), while quadruple drug resistance was lowest 1 (1%). The total prevalence of MDR-TB was 12 (11.7%), of which 10 (15.6%) were from previously treated cases and 2 (5.3%) were from new cases ( Table 2) . RIF monoresistance 2 (3.1%) was seen only in previously treated cases. Only 1 (2.3%) relapse case exhibited quadruple drug resistance. Among previously treated cases, highest rate of MDR-TB was seen in relapse case 8 (18.2%) followed by treatment after failure 1 (20%) and chronic case 1 (50%) ( Table 3 and Table 4 ).
The initial mono, double and triple drug resistance was 6 (15.8), 3 (7.9%) and 2 (5.3%) respectively. No strain was initial quadruple drug resistance. The acquired mono, double, triple and quadruple drug resistance was 12 (18.7%), 11
(17.2%), 2 (3.1%) and 1 (1.6%) respectively. The initial MDR was seen in 2 (5.3%) isolates whereas acquired MDR was seen in 10 (15.6%) isolates ( Table 5 ).
The univariate analysis showed female gender (cOR 8.083, 95% CI 0.995 -64.952) was marginally significant (P = 0.05) but the other factors; age ≤ 40 years Table 6 ).
Discussion
In the current study, the prevalence of resistance to one or more first line drug was 37.2%. The reasons for high resistance rate might be due to delay in treatment, irregular supply of drugs and unavailability of drugs. The lower rate of resistance to one or more first line anti-TB drug was reported from Jimma (18.4%) [14] and Arsi (18.2%) [15] . A comparable rate of resistance has been reported from similar surveys from Uganda (28.6%) [16] but the higher rate of resistance (56%) to one or more first line drug was also reported from Calabar, Nigeria [17] . The similar previous study reported drug resistance to one or more anti-TB drugs in different African countries was within the range of 28.6% -56% [18] .
The other studies in Asia reported the proportion of resistance ranged from 18.7% -30.2% [19] [20] [21] .
In this study highest rate of monoresistance was associated with INH (10.8%).
The high rate of resistance to INH in this study might be due to poor management or the common use of the drug in the national TB control programme for longer time because of its accessibility. Wiwing et al (2015) stated that the pro- (2012) stated that most MDR-TB cases develop from initial INH monoresistance [22] , from these two surveys, it is reasonable to conclude that the probability of developing MDR-TB in study population in future is high. The studies from Ethiopia reported the proportion of resistance to INH was in range of 1.9% -21.4% [18] . INH monoresistance in this study is lower than reported from Sri Lanka (12.2%) [23] , Mozambique (14.9%) [24] and Kenya (12.9%) [22] .
In the current study RIF monoresistance was found only in 1.9% of the study population whereas monoresistance to EMB and SM was 1.9% and 2.9% respectively. The probable reason for RIF resistance might be due to broad use of RIF for the treatment of other bacterial infections. The reason for lower proportion of RIF resistance might be recent introduction of the drug as compared to INH and SM. The studies from Ethiopia reported the proportion of resistance to RIF was in range of 0% -1.9% [15] . Similarly, the higher rate (5.9%) of RIF monoresistance was reported from Northeastern China [25] . In the similar study conducted in Nepal, monoresistance to INH, RIF, EMB and SM was 9.31%, 3.1%, 0.62% and 19.25% respectively [26] . The similar past study conducted at Pakistan showed very high rate of resistance to INH (51.22%), RIF (15.4%), EMB (13.33%) and SM (3.85%) [27] .
The prevalence of MDR-TB in this study was 11.7%, of which 2 (5.3%) were initial MDR-TB and 10 (15.6%) were acquired MDR-TB. The high rate of MDR-TB might be due to poor patient management, non-adherence to the prescribed regimen, irregular supply of drugs, poor quality of drugs and poor national TB control programme. The study from Ethiopia showed lower rate of MDR-TB ranged from 1.1% -7.7% [18] . The similar past study in Nepal revealed comparatively higher rate of acquired MDR-TB (19.25%) and lower rate of initial MDR-TB (2.63%) [26] . However, another study conducted at eastern part of
Nepal showed the rate of acquired MDR-TB was 5.51% and initial MDR-TB was 4.6% which is similar to the current study [28] . According to Lukoye et al (2013) , if the prevalence of initial MDR-TB exceeds 3%, it was considered as high MDR-TB burden [29] . As initial MDR-TB exceeded 3% in this study, it is reasonable to conclude that MDR-TB burden is high in the study population.
Hence, it is urgent to strengthen capacity to perform DST in order to prevent transmission of MDR-TB in the community. MDR-TB patients are at high risk of XDR-TB which is expensive and require long time period to treat. Besides, second line drugs are less effective, display cross resistance and high toxicity profiles. So, in order to combat those issues related to XDR-TB, MDR-TB should be controlled first. This could be overcome by more surveillance and immediate therapeutic interventions and effective implementation of DOTS strategy.
In this study double drug resistant (13.7%) was also high. [10] .
The multivariate analysis in this study, after adjusting sex with age, ethnicity, area and chest X-ray showed that females are about 9 times more likely to be at the risk of developing MDR-TB than males (95% CI: 1.032 -82.705), P = 0.05.
The reasons for the association between female and MDR-TB might be related to the fact that women spend more time caring their family members with MDR-TB both in households and healthcare settings. The another reason might be low priority of women health in the family as compared to men which act as barrier in accessing health care causing delay in TB diagnosis. It could be due to poor nutritional status of women because women compromise their own nutrition in order to ensure other family members are adequately nourished. The similar survey conducted at Northeastern China showed females are more likely to suffer from TB than males [25] but another similar study showed male gender was at the higher risk of MDR-TB [30] . Some studies have also reported previous treatment and age group 24 -54 years to be risk factors of MDR-TB [25] [30].
However, this study did not show any association of age (P = 0.533) and TB cases (P = 0.112) with MDR-TB.
Limitation of the Study
One of the limitations was selection bias; not including all public health facilitates (hospitals and health centers) due to resource constraints. Another limitation was although a detailed history was obtained from the patients, assignment of the patient to new or retreatment categories was based upon the information given by patients and may not have been accurate. Therefore, we cannot exclude the possibility of misclassification. Besides, as this study was conducted among service seekers at NTC, these observations may not be generalized to the entire country. However, the results remain important since the increasing level of drug resistance among Mycobacterium tuberculosis isolates in study population was alarming.
Conclusion
The overall resistance to first line anti-TB drugs was high. The drug resistance was high in previously treated TB cases as compared to new TB cases. The highest mono drug resistance was detected against INH. RIF mono resistant was rare and was seen only in previously treated cases. The overall prevalence of MDR-TB was high. The acquired MDR-TB was higher than initial MDR-TB and female was found to be associated with MDR-TB. Hence, early diagnosis of TB is crucial to combat the threat of MDR-TB. It could be achieved by revised DOTS program though prompt case detection as well as routine and quality assured DST.
